Abstract. the receptor for activated c-kinase 1 (racK1) is a member of the Wd40-repeat family of proteins and has been reported to be implicated in the development of liver fibrosis. However, the role of RACK1 in renal fibrosis remains unclear. Therefore, in this study, we investigated the effects of RACK1 on transforming growth factor-β1 (TGF-β1)-treated human proximal tubular epithelial cells and aimed to elucidate the possible mechanisms responsible for its anti-fibrotic effects. Our results revealed that RACK1 was highly expressed in the renal fibrotic tissues and TGF-β1-treated HK-2 cells. RACK1 silencing inhibited TGF-β1-induced α-smooth muscle actin and connective tissue growth factor expression in the HK-2 cells. Furthermore, RACK1 silencing inhibited the expression of phosphorylated Smad3 in the TGF-β1-treated HK-2 cells. To the best of our knowledge, these data demonstrate for the first time the role of RACK1 in renal fibrosis. The present findings indicate that RACK1 silencing attenuates renal fibrosis by suppressing the activation of TGF-β1/Smad3 signaling pathway in HK-2 cells. Thus, RACK1 may serve as a novel regulator of renal fibrosis.
Introduction
Renal fibrosis is a common condition which can lead to various types of progressive chronic kidney disease and even end-stage renal failure. It is characterized by the activation of renal fibroblasts and the accumulation of excessive amounts of extracellular matrix (ECM) proteins (1, 2) . Transforming growth factor-β1 (TGF-β1) is the most important growth factor which regulates the transdifferentiation of tubular epithelial cells into myofibroblasts in renal fibrosis (3) . Previous studies have demonstrated that TGF-β1 expression is markedly elevated in animal models of renal fibrosis and in patients with glomerulonephritis (4, 5) . Thus, the suppression of TGF-β1 signaling may be a potential target with which to prevent progressive renal fibrosis.
WD40-repeat proteins are a large, highly conserved family of adaptors implicated in various biological process, such as signal transduction, gene transcriptional regulation, protein modifications, cytoskeleton assembly, vesicular trafficking, DNA damage and repair, cell death and cell cycle progression (6) . The receptor for activated C-kinase 1 (RACK1) is a member of the Wd40-repeat family of proteins and has been reported to be implicated in the development of various diseases (7) (8) (9) . A previous study implied that RACK1 overexpression inhibited cardiomyocyte apoptosis following myocardial ischemia/reperfusion in adult rats (10) . The downregulation of RACK1 has been shown to inhibit cell proliferation, along with invasion and migration in vitro and in vivo in esophageal squamous cell carcinoma (11) . Moreover, a previous study reported that RACK1 promoted the TGF-β1-mediated activation of pro-fibrogenic pathways, as well as the differentiation, proliferation and migration of hepatic stellate cells (HSCs), and the depletion of RACK1 suppressed the progression of thioacetamide-induced liver fibrosis in vivo (12) . However, the role of RACK1 in renal fibrosis remains unclear. Therefore, in this study, we investigated the effects of RACK1 on TGF-β1-treated human proximal tubular epithelial cells and aimed to elucidate the possible mechanisms responsible for its anti-fibrotic effects.
Materials and methods
Specimen collection. renal biopsy samples were collected by transparietal puncture from 12 healthy individuals and 10 patients with renal fibrosis, diagnosed on clinical, biological and histological grounds. The samples were immediately stored in liquid nitrogen in preparation for use. This study was approved by the Ethics Committee of the First Affiliated Hospital of Xi'an Jiaotong University (Xi'an, China), and written informed consent was obtained from all participants prior to sample collection.
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Cell culture and treatment. RT-qPCR analysis. total rna was extracted from the hK-2 cells using TRIzol reagent (Takara Biotechnology Co., ltd., Dalian, China). Approximately 5 µg total RNA from each sample was reverse transcribed into cDNA using SuperScript II Reverse Transcriptase (Takara Biotechnology Co., ltd.). Quantitative (real-time) PCR was performed on an ABI-Prism 7500 using Power SYBR-Green Master Mix 2X (Applied Biosystems, Foster City, CA, USA). The following primers were used: RACK1, 5'-TTC TCC TCT GAC AAC CGG CA-3' (sense), 5'-GCC ATC CTT GCC TCC AGA A-3' (antisense); α-smooth muscle actin (α-Sma), 5'-cta ttc ctt CGT GAC TAC T-3' (sense), 5'-ATG CTG TTA TAG GTG GTG GTT-3' (antisense); connective tissue growth factor (CTGF), 5'-GGA AAA GAT TCC CAC CCA AT-3' (sense), 5'-TGC TCC TAA AGC CAC ACC TT (antisense); and β-actin, 5'-GGC AAA TTC AAC GGC ACA GTC-3' (sense), 5'-GCT GAC AAT CTT GAG TGA GTT-3' (antisense). The cycling conditions were as follows: pre-incubation at 95˚C, 10 min; PCR: 95˚C, 15 sec and 59˚C, 30 sec, 35 cycles; final elongation: 72˚C, 10 min. β-actin was used as an internal control and the expression levels of the relative genes were calculated using the 2 -ΔΔCT method. Statistical analysis. all data are presented as the means ± standard deviation (SD) based on at least 3 independent experiments. Statistical analysis was performed using the Student's t-test and ANOVA. A value of P<0.05 was considered to indicate a statistically significant difference compared to the respective control.
Results

RACK1 is highly expressed in renal fibrotic tissues. in order to
examine the expression of RACK1 in renal fibrosis, the mRNA transcription level of RACK1 was examined by RT-qPCR. As shown in Fig. 1A , RACK1 mRNA expression was markedly increased in the renal fibrotic tissues, as compared with those of the control group. Similarly, western blot analysis demonstrated that the protein expression of RACK1 was also upregulated in the renal fibrotic tissues (Fig. 1B) .
RACK1 expression is rapidly induced in TGF-β1-treated HK-2 cells.
We then examined the expression of racK1 in TGF-β1-treated HK-2 cells. As indicated in Fig. 2 , the results revealed that TGF-β1 treatment significantly upregulated the mrna and protein expression of racK1 in a time-dependent manner.
RACK1 silencing inhibits TGF-β1-induced α-SMA and CTGF in HK-2 cells.
To confirm the role of RACK1 in TGF-β1-induced renal fibrogenesis, we used specific siRNA to knock down the expression of RACK1. As shown in Fig. 3 , the RACK1 mrna and protein expression levels in the sirna-racK1-transfected group were significantly lower than those in the siRNA-mock transfected group. We then evaluated the effects of sirna-racK1 on the α-SMA and CTGF expression levels in the TGF-β1-treated HK-2 cells. As shown in Fig. 4A and C, TGF-β1 treatment greatly increased the expression of α-Sma at both the mrna and protein level, while the knockdown of racK1 inhibited the expression of α-SMA in the TGF-β1-treated HK-2 cells. Similarly, RACK1 silencing also suppressed the TGF-β1-induced increase in CTGF expression in the HK-2 cells (Fig. 4A and C) .
RACK1 silencing inhibits the expression of phosphorylated Smad3 in TGF-β1-treated HK-2 cells.
Smad3 is a critical transcription factor that mediates cellular fibrotic response to TGF-β1 (13) . Therefore, in this study, we examined the 
Discussion
The main findings of the present study were the following: i) RACK1 was highly expressed in renal fibrotic tissues and TGF-β1-treated HK-2 cells; ii) RACK1 silencing inhibited the TGF-β1-induced increase in the expression of α-Sma and CTGF in HK-2 cells; iii) RACK1 silencing inhibited the expression of phosphorylated Smad3 in the TGF-β1-treated hK-2 cells. To the best of our knowledge, these data demonstrate for the first time the role of RACK1 in renal fibrosis.
A previous study demonstrated that the expression of RACK1 was increased in activated HSCs (12) . However, RACK1 was also found to be involved in dermal fibrosis, and the expression of RACK1 was found to be significantly decreased in keloid fibroblasts (14) . Therefore, RACK1 has a pro-fibrogenic or antifibrogenic function depending on the cell type or context. In the present study, we observed that RACK1 was highly expressed in renal fibrotic tissues and TGF-β1-treated HK-2 cells. These findings suggest that RACK1 may have a pro-fibrogenic function in the development of renal fibrosis.
A growing body of evidence suggests that the ECM plays an important role in the pathogenesis of renal fibrosis. CTGF acts as a downstream target of pro-fibrotic genes and is involved in the formation of the ECM proteins, fibronectin and collagen (15, 16) . Its expression is considered a molecular hallmark of renal fibrosis. Yokoi et al reported that CTGF antisense treatment significantly inhibited the induction of CTGF and ECM genes and reduced renal fibrotic area in rat obstructive nephropathy (17) . In epithelial-mesenchymal transition (EMT), the loss of tubular epithelial cell adhesion molecules, such as e-cadherin, is replaced by α-Sma, which is one of the interstitial myofibroblast activation markers (18) . In addition, TGF-β1 can induce α-Sma expression and decreases adhesive protein expression in human renal tubular epithelia cells (19) . In line with these results, herein, we observed that TGF-β1 induced the expression of α-SMA and CTGF in HK-2 cells, while RACK1 silencing inhibited the TGF-β1-induced increase in the expression of α-SMA and CTGF in HK-2 cells. These results suggest that RACK1 silencing markedly attenuated renal fibrosis via the reduction of ECM expression in TGF-β1-stimulated HK-2 cells.
There is evidence to indicate that the TGF-β1/Smad signaling pathway plays a critical role in the development of renal fibrosis (20) (21) (22) (23) . During fibrogenesis, the activated type I receptor kinase phosphorylates Smad2 and 3, which forms an oligomeric complex with Smad4 that translocates into the nucleus to regulate the transcription of target genes in collaboration with various co-activators and co-repressors (24) . In chronic kidney disease, TGF-β overexpression induces renal fibrosis, while TGF-β inhibition suppresses the expression of TGF-β1 and type I collagen in tubulointerstitial cells in unilateral ureteral obstruction (UUO)-induced renal fibrosis (25, 26) . Phosphorylated Smad3 is highly expressed in the obstructed kidney (27) , and Smad3 promotes renal fibrosis by directly binding to the promoter region of collagens to trigger their production (28) , while the deletion of Smad3 inhibits fibrogenesis in a number of rodent models and the inhibition of Smad3 prevented endothelial-myofibroblast transition and renal fibrosis in type-1 diabetic kidney disease (29) . In the present study, we found that RACK1 silencing inhibited the expression of phosphorylated Smad3 in TGF-β1-treated HK-2 cells. These results suggest that RACK1 silencing attenuates renal fibrosis by suppressing the activation of the TGF-β1/Smad3 signaling pathway in HK-2 cells.
In conclusion, the present findings indicate that RACK1 silencing attenuates renal fibrosis by suppressing the activation of the TGF-β1/Smad3 signaling pathway in HK-2 cells. Thus, RACK1 may serve as a novel regulator of renal fibrosis.
